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PRELIMINARY DESIGN OF PROPYLENE GLYCOL PLANT 
FROM PROPYLENE OXIDE AND WATER USING ACID CATALYST 
CAPACITY OF 60,000 TONS/YEAR 
Abstrak 
Propilen glikol dihasilkan melalui reaksi hidrasi propilen oksida dan air dengan 
katalis asam sulfat. Reaksi berlangsung dalam fase cair dengan suhu 30°C dan 
tekanan 1 atm. Untuk memurnikan propilen glikol, dilakukan proses penyulingan 
untuk mendapatkan produk propilen glikol dengan kemurnian 99,99%. Pabrik 
propilen glikol dengan kapasitas 60.000 ton per tahun membutuhkan bahan baku 
propilen oksida sebanyak 55.508,77 ton per tahun dan air sebanyak 5.87 ton per 
tahun. Pabrik didirikan di Gresik, Jawa Timur dengan luas tanah 8.575 m
2
. Unit 
utilitas membutuhkan pasokan air sebanyak 42.505.13 kg per jam yang diperoleh 
dari sungai Bengawan Solo, steam sebanyak 87.545.513,56 Btu/h, kebutuhan 
listrik pabrik adalah 286,46 kW, bahan bakar diesel 2.349,48 liter/jam dan 
kebutuhan untuk udara terkompresi untuk instrumentasi 179,99 m
3
/jam. Hasil 
analisis ekonomi menunjukkan bahwa Persen Return On Investment (ROI) 
sebelum pajak adalah 32,37% dan setelah pajak adalah 22,66%. Pay Out Time 
(POT) sebelum pajak 2.36 tahun dan membayar Out Time (POT) setelah pajak 
3.06 tahun. Break Even Point (BEP) sebesar 46,64%, Shut Down Point (SDP) 
sebesar 22,74%, dan Discounted Cash Flow (DCF) sebesar 30,28%, dari hasil data 
analisa kelayakan dapat disimpulkan bahwa pabrik ini menguntungkan dan layak 
untuk didirikan. 
Kata kunci: Propylene glycol, reaksi hidrasi, katalis asam 
Abstract 
Propylene glycol is produced through the hydration reaction of propylene oxide 
and water with sulfuric acid catalyst. The reaction takes place in the liquid phase 
under a temperature of 30°C and a pressure of 1 atm. To purify propylene glycol, 
distillation process is carried out in order to obtain products of propylene glycol 
with a purity of 99.99%. Propylene glycol plant with a capacity of 60,000 tons per 
year requires the raw material propylene oxide of 55,508.77 tons per year and as 
much water as 5.87 tons per year. The plant was planned to be established in 
Gresik, East Java with land area of 8,575 m
2
. Utilities supporting processes 
include water supply of 42,505.13 kg per hour which are processed from 
Bengawan Solo River, provision of saturates steam per hour 87,545,513.56 Btu/h. 
The plant’s electricity requirements are 286.46 kW, in the form of diesel fuel 
requirements 2,349.48 liters/hour and the requirement for compressed air for 
instrumentation 179.99 m
3
/h. The economic analysis results show that Percent 
Return On Investment (ROI) before tax is 32.37% and after tax is 22.66%. Pay 
Out Time (POT) before tax is 2.36 year and Pay Out Time (POT) after tax is 3.06 
year. Break Even Point (BEP) of 46.64%, Shut Down Point (SDP) amounted to 
22.74%, and Discounted Cash Flow (DCF) of 30.28%, were obtained from the 
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data result of feasibility analysis can be concluded that the plant is profitable and 
feasible to be established. 
Keywords: Propylene glycol, the hydration reaction, acid catalyst 
1. BACKGROUND 
In this globalization era, Indonesia as a developing country continue to show 
rapid growth especially in the construction industry. One type of industry that is 
growing in Indonesia is chemical industry. Indonesia still has to import many 
kinds of chemicals to meet the needs. Chemical production Indonesia is not 
currently able to meet domestic demand which continues to increase every year. 
Upstream industries that produce chemicals supporter or raw materials should 
have been able to support the rapid growth of downstream industries that produce 
finished products, therefore the need for the development of the chemical industry 
in Indonesia. With the establishment of the chemical plant, can save foreign 
exchange and create new jobs in the effort to help reduce unemployment and 
poverty in Indonesia. 
Propylene Glycol with another name 1,2-propanediol is one of the 
chemicals widely used in various industries both as raw materials and auxiliary 
materials. Usage is very broad in various industries such as food preservative in 
the food industry, as softener and moisturizer in the cosmetics industry, as one of 
the formulas in the pharmaceutical industry, and as additives in paint products 
industry (Kirk and Othmer, 1992). 
Based on the description above, the propylene glycol is a chemical that is 
very potential to be produced and the necessary establishment propylene glycol 
manufacturing plant in Indonesia. Given the magnitude of the needs in the country 
and there is no chemical industry that produces Propylene glycol in Indonesia. 
The design objectives are as follows: 
1. Save foreign exchange because there is no industry that produces propylene 
glycol 
2. Meet the needs of domestic propylene glycol 




2.   LITERATURE REVIEWS 
2.1 The need of propylene glycol 
To meet the need of society for propylene glycol, Indonesia importing from other 
countries. The need for propylene glycol in Indonesia from 2011 to 2015 can be 
seen at the Table 1.1. 
Table 1.1. Import of propylene glycol in Indonesia from 2011 to 2015 (BPS, 
2015) 






The increased in the imports of propylene glycol are consistent with the equation 
of a straight line: 
y = 63780x - 1E+08 
From this equation, it can be estimated that propylene glycol import in 2020 will 
equal to 28,835.6 Tones/year. Based on that estimated need for propylene glycol 
above, the plant capacity is then determined to reach 60,000 tons/year. 
There are several factors which affect selection of locations where propylene 
glycol manufacturers should be established and Gresik is the right choice for the 
following reasons: The plant of propylene glycol belongs to the process of weight 
reduction and thus the plant should be built near the sources of raw material. The 
main raw materials include Propylene oxide from Zhangdian Petrochrm China. To 
supply the raw materials, it can be carried out using sea transportation is used 
through Tanjung Perak port which has adequate facilities. As for product 
marketing, Gresik near from Surabaya, and Surabaya has a very complete 
transportation by land, sea and air is very supportive for marketing.  
2.2 Production process of propylene glycol 
Propylene glycol can be produced by the hydrolysis of propylene oxide with 
excess water. Can also by adding methanol as a diluent for propylene oxide is not 
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soluble in water. Reaction of propylene oxide ratio as much as 43.04 lbmole with 
water and methanol as lbmol 802.8 71.87 lbmol and sulfuric acid as a catalyst of 
20 lbmol. The process operating conditions on the use temperature of 77-93°F 
with a pressure of 1 atm, obtained a conversion of 99%. (Chan and Seider, 2004) 
Reaction: 
           H
+
 
 CH2 – CH – CH3 + H2O → CH3 – CH – CH2    (1)  
 
       O           OH     OH 
 
3.   METHOD 
3.1 Thermodynamics reviews 
Hydration of propylene oxide to propylene glycol is a irreversible reaction, If the 
value of K >>> 1. 
Reaction : 
C3H6O + H2O → C3H8O2 
The value of equilibrium constant can be evaluated use thermodynamic energy 
free gibbs data, as in the following calculation : 
Table 2.1. Value of ΔG°f each component (Yaws, 1999) 
No Component ΔG°f 298 K (kJ/mole) 
1 C3H6O -25.77 
2 H2O -228.60 
3 C3H8O2 -304.48 
       
Total ΔG°f 298 K = Σ ΔG°f (product) - Σ ΔG°f (reactants) 
    = -304.48 kJ/mole – ((-25.77 kJ/mole + (-228.6 kJ/mole)) 
    = -50.11 kJ/mole 
  The equilibrium constant when Treff = 298 K 
    ΔG°f = -RT LnK 
Note: 
ΔG°f  =  Energy free Gibbs standard (kJ/mol) 
K298K = Equilibrium constant 













          = 601,116,015.458 
Value equilibrium constant of the reaction at temperature 30°C : 
Value ΔH°f each component at temperature 298 K is as follows : 
Table 2.2. Value of ΔH°f each component (Yaws, 1999) 
No Component ΔH°f 298 K (kJ/mole) 
1 C3H6O -92.76 
2 H2O  -241.8 
3 C3H8O2 -421.5 
   
ΔH°f 298 K  = Σ ΔH°f (product) - Σ ΔH°f (reactant) 
= -421.5 kJ/mole – ((-92.76 kJ/mole + (-241.8 kJ/mole)) 
= -86.94 kJ/mole 
ΔH°R value has shown negative, so the reaction is isotherms. K value at operation 
temperature (T=30°C) : 
  K303K / K298K = EXP ((ΔH°f 298 K/R) x ((1/T operation) – (1/298))) 
    = EXP (-(-86.940/8.3144) x ((1/303) – (1/298))) 
  = 0.9994 
K305K  = 0.9994 x K298K 
  = 0.9994 x 601,116,015.458 
  = 594,129,790.2 
Because the value of K large, so this reactions is irreversible. 
Specification Equipment 
3.1.1.  Specification of Mixer (M) 
  Code    : M 
  Function  : Mixing water, propylene oxide and 
methanol before reacted in the reactor 
  Operation   : Continue 
  Amount   : 1 piece 
  Temperature   : 30°C 
  Pressure   : 1 atm 
  Diameter   : 3.7259 m 
  Height   : 5.2623 m 
  Volume   : 40.6212 m
3
 
  Kind   : Vertical cylinder with stirrer 
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  Kind of head   : Torispherical head 
  Material construction    : Carbon steel 
  Agitator  
  Kind   : Turbinee with 6 blade disk standard 
  rpm   : 68 rpm 
  Diameter   : 1.2420 m 
  Motor   : Fixed-speed belt 
  Motor power   : 20 HP 
3.1.2.  Specification of Reactor 1 (R-01) 
  Code    : R-01 
  Function  : For reacting propylene oxide and water 
with sulfuric acid catalyst until the 
conversion reaches 90% 
  Operation   : Continue 
  Amount   : 1 piece 
  Temperature   : 30°C 
  Pressure   : 1 atm 
  Diameter   : 4.9526 m 
  Height   : 7.100 m 
  Volume   : 97.5113 m
3
 
  Type   : Continuous Stirred Tank Reactor (CSTR) 
  Type head   : Torispherical head 
  Material Construction   : Carbon steel SA 283 grade C 
  Agitator   
  Type   : Turbine  
  rpm   : 45 rpm 
  Diameter   : 1.6508 m 
  Motor   : Fixed-speed belt 
  Power motor   : 40 HP 
  Cooler  
  Type  : Coil 
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  Cross-sectional area  : 84.7673 m
2
  
3.1.3.  Specification of Reactor 2 (R-02) 
  Code    : R-02 
  Function  : To the reaction between propylene oxide 
and water coming out of the reactor 1 (R-01) 
to the conversion reaches 99% 
  Operation   : Continue 
  Amount   : 1 piece 
  Temperature   : 30°C 
  Pressure   : 1 atm 
  Diameter   : 4.9526 m 
  Height   : 7.1006 m 
  Volume   : 97.5113 m
3
 
  Type   : Continuous Stirred Tank Reactor (CSTR) 
  Type head   : Torispherical head 
  Material Construction   : Carbon steel SA 283 grade C 
  Agitator   
  Type   : Turbine 
  rpm   : 45 rpm 
  Diameter   : 1.65 m 
  Motor   : Fixed-speed belt 
  Power motor   : 40 HP 
  Cooler   
  Type  : Coil 
  Cross-sectional area  : 84.7673 m
2
   
3.1.4.  Specification of Distillation Tower 1 (DT-01) 
  Code    :  DT-01 
  Function  : Separating the sulfuric acid to be used 
again in the process. 
  Operation   :  Continue 
  Amount   : 1 piece 
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  Type   : Plate Sieve Tray 
  Material Construction   : Stainless steel type 304 (SA 167) 
  Condition Operation 
  Distillate    
  Type   : Plate Sieve Tray 
  Material Construction   : Stainless steel type 304 (SA 167) 
  Condition Operation 
  Distillate  
  Pressure   : 1 atm  
  Temperature   : 96.1628 °C 
  Bottom 
  Pressure   : 1.1 atm  
  Temperature   : 272.8367 °C 
  Thick of head   : 3/16 in 
  Thick of shell   : 3/16 in 
  Height head   : 0.4417 m 
  Diameter   : 3.0345 m 
  Height of tower   : 43.5462 m 
3.1.5.  Specification of Neutralizer (N) 
  Code    : N 
  Function  : Neutralize sulfuric acid catalyst with 
sodium hydroxide 
  Operation   : Continue 
  Amount   : 1 piece 
  Temperature   : 30°C 
  Pressure   : 1 atm 
  Diameter   : 2.32 m 
  Height   : 3.36 m 
  Volume   : 9.9790 m
3
 
  Type   : Continuous Stirred Tank Reactor (CSTR) 
  Type head   : Torispherical head 
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  Material Construction   : Carbon steel 
  Agitator   
  Type   : Turbine  
  rpm   : 100 rpm 
  Diameter   : 0.775 m 
  Motor   : Variable-speed belt 
  Power motor   : 10 HP 
  Cooler  
  Type  : Jackets (because reactor heat transfer area 
is smaller than the area sheath reactor) 
  Thick of jacket   : 0.3048 m 
  Diameter  : 2.9436 m 
  Height  : 2.3104 m 
3.1.6.  Specification of Decanter (D) 
  Code    : D 
  Function  : Separates Na2SO4 from propylene oxide, 
methanol, water and propylene glycol  
  Operation   : Continue 
  Amount   : 1 piece 
  Type   : horizontal cylinder 
  Material Construction   : Stainless steel 
  Volume   : 7.0974 m
3 
  Length   : 5.3245 m 
  Diameter   : 1.5348m
 
  
Pressure   : 1 atm 
  Temperature   : 30°C 
  Stay time   : 8 minute 
3.1.7.  Specification of Distillation Tower 2 (DT-02) 
  Code    : DT-02 
  Function  : to recycle propylene oxide and methanol to 
returned to the storage tank 
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  Operation   : Continue 
  Amount   : 1 piece 
  Type   : Plate Sieve Tray 
  Material Construction   : Stainless steel type 304 (SA 167) 
  Condition Operation 
  Distillate    
  Pressure   : 1 atm  
  Temperature   : 62.4993°C 
  Bottom 
  Pressure   : 1.1 atm  
  Temperature   : 104.0919°C 
  Thick of head   : 3/16 in 
  Thick of shell   : 3/16 in 
  Height head   : 0.5652 m 
  Diameter   : 2.4460 m 
  Height of tower   : 33.8932 m 
3.1.8.  Specification of Distillation Tower 3 (DT-03) 
  Code    : DT-03 
  Function  : to purify Propylene Glycol products up to 
99.99% 
  Operation   : Continue 
  Amount   : 1 piece 
  Type   : Plate Sieve Tray 
  Material Construction   : Stainless steel type 304 (SA 167) 
  Condition Operation 
  Distillate    
  Pressure   : 1 atm  
  Temperature   : 100.7261 °C 
  Bottom 
  Pressure   : 1.1 atm  
  Temperature   : 178.3199 °C 
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  Thick of head   : 3/16 in 
  Thick of shell   : 3/16 in 
  Height head   : 0.4157 m 
  Diameter   : 2.7088 m 
  Height of tower   : 19.1941 m 
 
2.1.Process Flow Diagram 
2.1.1. Production Process 
Propylene glycol production process by making a reaction between propylene 
oxide and water in principle consists of some stages, i.e.: 
1. Raw materials preparation stage 
In this process is done mixing the raw material propylene oxide, water and 
methanol. The use of methanol aims to propylene oxide is miscible with 
water. Mixer operating temperature is 30°C with a pressure of 1 atm. Raw 
materials obtained from the process water utilities while propylene stored in a 
liquid phase with a purity of 99.95% and stored in tanks with a storage 
temperature of 30°C and a pressure of 1 atm. Mixing in the mixer also 
involves the recycle stream from the top of the decanter. A result of the mixer 
is put into the flow stirred tank reactor (R-01). 
2. Reaction stage 
By using optimization of number of reactors, the reactor is used as much as 2 
pieces. In the reactor R-01 conversions generated by 90%, while in the reactor 
R-02 conversion to 99%. 
Hydration reaction intended for reacting the raw material propylene oxide 
with water in the reactor R-01 which react under operating conditions of 30°C 
and a pressure of 1 atm. In the R-01 also added sulfuric acid catalyst. After 
conversion of 90%, the results of R-01 to R-02 is passed to increase the 
conversion to 99%. 
The reaction is exothermic, so that the reactor needs to be given a cooling 
jacket to maintain the temperature for stable operation. 
3. Neutralization stage 
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Product mix in reactor R-01 is then fed to the MD-01 to take a sulfuric 
acid catalyst to be used again. Products from MD-01 are fed to the neutralizer 
to neutralize the products still contain a small amount of sulfuric acid. In 
neutralizer, sulfuric acid is neutralized by adding NaOH flow from the utility 
unit. 
4. Purification products stage 
In this stage aims to purify the product is still mixed with propylene oxide 
and methanol. Products from neutralizer input in decanter to precipitate the 
sodium sulfate is formed, Then the results obtained in the form of liquid added 
to the MD-02 to separate propylene oxide, methanol, water and propylene 
glycol. Top product obtained (propylene oxide-methanol) in the recycle back 
into the mixer and down products (Propylene glycol-water) was fed to the 
MD-03 to obtain a purity of 99.99%. 
 
RESULTS 
Propylene glycol plant is considered a lower risk plant. That is because the 
operating conditions are at a pressure of 1 atm and a temperature of 30°C. 
The economic feasibility analysis of propylene glycol plant is expressed as 
follows: 
1. Profit before tax of $ 15,909,697 per year and profit after tax of $ 
11,136,788 per year. 
2. ROI (Return On Investment) before taxes is 32.37% 
ROI (Return On Investment) after tax was 22.66% 
ROI (Return On Investment) before tax for low-risk plant a minimum of 
20% (Aries and Newton, 1995). 
3. POT (Pay Out Time) before taxes were 2.36 years 
POT (Pay Out Time) after tax is 3.06 years 
POT (Pay Out Time) before tax for low-risk plant a maximum of 5 years 
(Aries and Newton, 1995). 
4. BEP (Break Event Point) is 46.64% and SDP (Shut Down Point) is 
22.74%. BEP for chemical plants generally range between 40-60% 
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5. DCF (Discounted Cash Flow) is 30.28%. DCF is acceptable must be 
greater than the interest on bank loans. The amount of low-risk plant DCF 
for a minimum of 1.5 times the amount of interest the bank.  
Based on the results of the economic feasibility analysis we concluded that 
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